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Formulating Rations for Beef Cattle 
Homer B. Sewell 
Department of Animal Husbandry, College of Agriculture 
Formulating rations for beef cattle is not difficult if you 
have two sources of information: (I) the daily nutrients 
required by the animal and (2) the nutrient composition of the 
feedstuffs to be used in the ration. Two UMC Guides supply 
this information . 
Nutrient requirements recommended by the National 
Research Council (NRC) are given in UMC Guide 2067, 
" Nutrient Requirements of Beef Cattle ." Nutrient require-
ments are given two ways : (I) daily nutrients needed per 
animal, and (2) nutrient concentration needed in the dry 
matter of the ration . Nutrient composition offeeds commonly 
used in beef cattle rations is given in UMC Guide 2051, · "Feed 
Composition Tables ." 
Laboratory analyses of your feeds to determine their 
nutrient content would be best because the feeds you have on 
hand may not completely conform to the average nutrient 
composition listed in the Guide. 
To demonstrate the use of these two Guides , let's balance 
a ration using the daily nutrient requirements listed for an 
800-pound yearling steer in Guide 2067 , and the feed composi-
tions from Guide 2051. A worksheet is used to illustrate the 
calculations. 
Using the Worksheet 
Example - Animal: Yearling Steer 
Weight: 800 pounds 
Daily gain: 3.0 pounds . 
I. First , itemize feedstuffs you are going to use in the ration in 
Section I of the worksheet. Refer to Table I of Guide 2051 for 
compositions of these feeds and fill in this information. 
Ory Total Phos-
Matter Protein TON Calcium phorus 
Section I: Composition of feeds (% - as fed basis) 
Com 89 8.9 81 
Com silage 40 3.2 28 
Soybean meal 89 45 .8 72 
Limestone 
0.02 
0.11 
0.32 
35.84 
0.31 
0.08 
0.67 
2. Next , referto Guide 2067 for daily nutrient requirements of 
the animal. Enter them in Section 2 of the worksheet. Note 
that an 800-pound steer will eat around 18.3 pounds of dry 
matter a day of a ration containing 15% roughage . He will gain 
about 3.0 pounds a day with daily nutrients in his feed at the 
level shown here . 
Ory Total Phos-
Matter Protein TON Calcium phorus 
Section 2: Daily nutrient requirements (lbs.) and expected gain (lbs .) 
Gain , 3.0 18.3 1.97 16.0 .057 .049 
3. Then decide on the pounds of roughage or corn silage that 
will be fed per head daily. Let ' s formulate a high-grain ration 
and use IO pounds of corn silage daily . This amount of silage 
would supply adequate daily roughage to minimize digestive 
malfunctions that are a problem with high-concentrate ra-
tions. Larger amounts of corn silage or other roughages can be 
used successfully. You may wish to use more roughage than 
this in the daily ration because of economy or the supply of 
roughage you have on hand . 
Enter in Section 3 the nutrients contained in 10 pounds of 
corn silage. 
Dry Total Phos-
Matter Protein TON Calcium phorus 
Section 3: Nutrients (lbs.) in daily roughage feeding 
Com silage , 
10 lbs. 4.0 0.32 2.8 .01 0.008 
4. Subtract the amounts of various nutrients that will be 
supplied daily in the roughage you plan to feed (Section 3) 
from total amounts required (Section 2). The remainder is 
what you need to furnish with concentrated feeds (corn, 
soybean meal , and mineral supplements) . 
Dry Total Phos-
Matter Protein TON Calcium phorus 
Section 4: Nutrients (lbs .) left to be furnished in concentrates- section 
2 minus section 3 
14.3 1.65 13.2 .047 .041 
5. Next , in Section 5, the ratio of corn and soybean meal is 
adjusted to give additional amounts of protein and TDN 
needed in the daily requirement. 
Because both feeds contain about 80 percent TDN it will 
take about I 6.5 pounds of the two together to supply the 13.2 
pounds of TDN that is deficient (13.2-;-0 .80= 16.5 lbs.). 
The protein to be supplied is 1.65 pounds. Thus , protein 
needed in the mixture of soybean meal and corn is approxi-
mately 10.0 percent [(1.65-;- 16.5) x 100= 10.00%]. 
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The square method can be used to calculate the ratio of 
corn and soybean meal that gives a mixture with I 0.0 percent 
protein . 
Soybean meal 45.8 -------- 1.1 
Corn 
' 
' 
,, 
' 
' 
' 
' 
' 
,, 
,, 
,, 
' 
' 
' 
' 
' 
' 
' ' 8.9,...., ------35.8 
36.9 Total parts 
a. Put the percent protein (10%) needed in the mixture in 
the center of the square. 
b . The corn and soybean meal and their respective 
percentages of protein are placed on the lefthand corners of 
the square. 
c. Subtract diagonally the smaller from the larger figure 
(45.8 - 10 = 35 .8; 10 - 8.9 = I. I) . 
d. The parts of soybean meal are I . I and the parts of corn 
are 35.8. Total parts: 36.9 (I.I + 35 .8). 
e. Next, calculate the percent of the total part that is corn 
and the percent of the total part that is soybean meal. This is 
the pounds of each in a JOO-pound mix , (I. I + 36.9) x 100= 
3.0% soybean meal. (35.8+36.9) x JOO = 97.0% corn. 
f. Finally , determine the pounds of corn and the pounds 
of soybean meal needed in the mixture of 16 .5 pounds (which 
is the amount of the two together needed to supply the 13 .2 
pounds of TDN that were deficient. See number 5 on the first 
page. 
16 .5 x 0.03 = 0.50 lbs. soybean meal. 
16.5 x 0.97 = 16 .0 lbs . corn. 
We will use 16 pounds of corn and 0.5 pounds of soybean 
meal and total the nutrients they supply. See Section 5. 
Dry Total Phos-
Matter Protein TDN Calcium phorus 
Section 5: Nutrients (lbs .) furnished by concentrate combination 
Com, 16 lbs. 14.24 1.42 13 .0 .003 .050 
Soybean meal, 
0.5 lbs . 0.45 0.23 0.4 .002 .003 
Total , 
16.5 lbs. 14.69 1.65 13.4 .005 .053 
6. Total nutrients in the si lage and concentrates. (Section 3 
and Section 5) 
Dry Total Phos-
Matter Protein TDN Calcium phorus 
Section 6: Total nutrients (lbs.) supplied by silage and concent ra tes 
Total nutrients 
in feed , lbs. 18.69 1.97 16.2 .015 .061 
(section 3 + section 5) 
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7. A check of the nutrients supplied by the ration against the 
nutrient requirements (Section 2 minus Section 6) shows the 
ration is deficient in calcium (0.042 lbs.). 
Dry Total Phos-
Matter Protein TON Calcium phorus 
Section 7: Check (section 2 minus section 6) 
Excess (lbs .) + 0.39 +0.00 +0 .2 +0.012 
Deficiency 
(lbs .) -0.042 
8. Adding 0. 12 pound of limestone to the daily ration will 
supply this amount of calcium. (0.042 lb. + 0.3584 = 0. 12 lb.) 
Correction 
Limestone 
(lb .) 
Dry Total Phos-
Matter Protein TON Calcium phorus 
0.12 +0 .042 
The balanced daily ration for the 800-pound yearling steer is: 
Lbs . 
Corn ..... .. . .. . .... . . . . ... . . .. . . .. .. .. . . .. .. 16.00 
Soybean meal ...... . .. ...... .. . . .. . ...... . .... 0.50 
Corn silage ............... . . . ... . . . . .. . . ..... I 0.00 
Limestone .. ................. . ..... . . . . . .... .. 0.12 
25 .83 
See UMC Guides 2080 , 2058 , 2081, and 2070 for adding trace 
minerals , vitamins , antibiotics , and growth stimulants in 
feedlot rations . 
Formulating Rations on a Dry-Matter Basis 
Nutrient requirements of beef cattle are listed on the basis 
of nutrient concentration in ration dry matter in Guide 2067 . 
T his method of listing nutrient requirements removes the 
variable , moisture content of feeds , as an error in ration 
formulation . High-moisture feeds such as corn silage often 
differ grea tly in moisture content because of maturity a t 
harvest or because of storage conditions . 
Feed composition Table 2 (Guide 2051) lists the nutrient 
composition of feeds on a dry-matter basis for use with the 
NRC requirements given in Guide 2067 . 
Now we shall formulate a ration for a 1,000 pound nursing 
cow of average milking ability. We will use mature fescue hay 
and soybean meal for the principle feedstuffs . 
I . First , list in Section I of Worksheet the nutrient composi-
tion of the fescue hay and soybean meal on a dry-matter 
basis (Table 2 , Guide 2051) . 
-
• 
2. Next , find the nutrient requirements in the dry matter of A. 
the ration for a I ,000-pound nursing cow of average ,_i,· 
milking ability (Guide 2067 , Table 2B). List in Section 2 of 
Worksheet. 
• 
·-
3. Use the square method to balance the ration for total 
protein . Total protein is a better value than digestible 
protein for balancing beef rations. This is because the 
bacterial protein produced in the rumen of cattle and other 
factors make it very difficult to measure the percentage of a 
dietary protein that is digested by cattle. 
Soybean 51.5-------- 0.8 
Fescue hay 
43.1 Total parts 
4. Calculate the pounds of each in a 100-lb. mix . 
(42 .3 + 43 . 1) x 100 = 98 lbs. fescue hay 
(0.8 + 43.1) x 100 = 2 lbs . soybean meal 
5. Now compute the nutrient composition of the ration and 
check against nutrient requirements. (Sections 3-6) 
WORKSHEET 
Dry 
Matter 
Total 
Prot. 
% 
TDN 
% 
Section I: Composition of feeds (dry-matter basis) 
Fescue hay, 
Ca 
% 
p 
% 
mature 90.0% 8.4 52 0.38 0.23 
Soybean meal , 
solvent 89.0% 51.5 81 0.36 0.75 
Di calcium 
phosphate 100.0% 23.13 18.65 
Section 2: Nutrient requirements of 1,000-lb nursing cow of average 
milking ability (dry-matter basis) . 
20.5 lbs. 9.2 52 0.28 0.28 
Sections 3 through 6: Checking ration 
Fescue hay (lbs) 98 8.23 51.0 0.372 0.225 
Soybean meal 
(lbs .) 2 1.03 1.6 .007 .015 
Total (lbs or %) 100 9.26 52 .6 0.379 0.240 
Excess or deficiency 
(lb. or %) +0.06 +0.6 +.099 -0.04 
6. The final step is to convert the ration from dry matter to 
"as fed" basis, since this is the form in which the feed 
components must be weighed and fed. 
To convert from dry-matter to as-fed basis , divide the 
pounds of dry matter by the percent dry matter in a feed, and 
multiply by 100. 
Fescue hay: 
Soybean meal : 
Total: 
(98 lbs. + 90) x 100 = 108.89 lbs . 
(2 lbs. + 89) x 100 2.25 lbs. 
lll.14lbs. 
Next convert ration to 100-lb. basis for easier formulation: 
Divide the pounds of each feed component by the total pounds 
in the ration and multiply by I 00. 
Fescue hay: (108.89 lbs . 111.14) x 100 = 98 
Soybean meal: (2.25 lbs . + 111.14) x 100 = 2 
Total : (lbs.) 100.00 
Converting the ration components from dry-matter to as-fed 
basis to determine the proportions of each to feed is not 
necessary in this ration, since the percentage of dry matter in 
the two feeds is practically the same . If silage or other 
high-moisture feeds are combined with dry feeds , the conver-
sion must be made . 
How many pounds of this ration would a cow need to eat 
daily to meet her nutrient requirements? 
Answer: 22 .78 lbs. Divide the pounds of dry matter in the 
daily requirement by the percent dry matter in the ration , and 
multiply by 100. 
(20.5 + 90) X 100 = 22.78. 
The ration is 98 percent hay and 2 percent soybean meal 
(as fed basis) . Therefore, the cow would need 22.32 lbs . of hay 
(22 .78 x 0.98) and 0.46 lbs . of soybean meal (22 .78 x 0.02) a 
head daily. 
The ration is deficient in phosphorus (-0.04%). The 
amount of phosphorus deficient in a daily ration allowance is 
0.008 pounds (20.5 lbs. DM x .0004) . A mineral supplement 
containing 8 to IO percent phosphorus could be fed free-
choice or a phosphorus mineral could be mixed with the 
soybean meal. Approximately 0.043 pound of dicalcium 
phosphate would need to be added to the 0.46 pound of 
soybean meal fed per head daily (0.008 lb. + . 1865 = 0.043) . 
Balancing a ration for total protein with these two 
feedstuffs gave a ration that was adequate in energy (TDN) , 
and calcium , but deficient in phosphorus (Section 3-6) . With 
some feeds the proportions would have to be adjusted to bring 
the energy of the ration in agreement with the requirements of 
the animal. 
If the protein-balanced ration contained less than 52 
percent TDN , the cow could not eat enough dry matter to 
meet her daily energy requirements. Grain or other high 
energy feeds would need to be included in the ration. In 
contrast, if the protein-balanced ration was much above 52 
percer' in TDN , the cow would have to be fed excess energy 
to mee er protein requirement. This could be expensive and 
cause fattening of the cow , which might interfere with 
reproduction . 
Another method of formulating the ration would have 
been to balance the ration for TDN and make any necessary 
adjustment in the proportions of feeds to provide a minimum 
of 9.2 percent total protein . 
Approximately 40 to 50 thousand I.U . of vitamins should 
be fed each animal daily with this ration . See UMC Guides 
2080 and 2081 for trace mineral needs in beef cow rations . 
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Worksheet for Balancing Rations 
Section 1. Composition of feeds 
Feed Dry Matter% Total Protein% T.D.N. % Calcium% Phosphorus 0/4 0 
Section 2. Daily Nutrient Requirements and Expected Gains 
Daily Feed Expected Protein T.D.N. Calcium Phosphorus 
Dry Matter lbs. Gain lbs. lbs . lbs. lbs . lbs. 
Section 3. Nutrients in Daily Roughage Feeding 
Roughage(s) Air-dried Dry Matter Protein T.D.N. Calcium Phosphoru s 
lbs. lbs. lbs. lbs. lbs. lbs. 
Section 4. Nutrients Left to Furnish in Concentrates (Section 2 minus 3) 
Dry Matter Protein T.D.N. Calcium Phosphoru s 
lbs . lbs. lbs. lbs . lbs. 
To be furnished 
in concentrates 
Section 5. Concentrate Combination Needed to Furnish Rest of Nutrients 
Concentrates Air-dried Dry Matter Protein T.D .N. Calcium Phosphoru s 
lbs. lbs . lbs. lbs. lbs. lbs. 
Section 6. Comparing Ration Content with Requirements 
Air-dried Dry Matter Protein T.D.N. Calcium Phosphoru s 
lbs . lbs. lbs. lbs. lbs. lbs . 
Total Nutrients 
in Feed (Section 
3 + 5) 
Excess or 
Deficiency 
(Section 2- 6) 
:,: 
■ Issued in furtherance of Cooperative Extension Work Acts of May 8 and June 30 , 1914 in cooperation with the United States 
I Department of Agriculture . Carl N. Scheneman, Vice President for Extension , Cooperative Extension Service, University of Missouri and Lincoln University , Columbia , Missouri 65211. ■ An equal opportunity institution. 
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